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Poikilitic clast-bearing impact melt rocks from the 1) Experimental uncertainties and errors in the rock
Apollo 17 landing site form a distinct chemical cluster (e.g., analyses. 2) Improbability that the melted target or the added
[1, 2]). They have been (almost) universally accepted as fragmental materialconsist of a small number of well-
produced in the 3.89 Ga Serenitatis event [1-5]. We obtained defined components. 3) Volatile loss, e.g. Na, not accounted
chemical composition data for 3g splits of 18 samples with a for in a purely mechanical mixing simulation. 4) Crystalliza-
range of grain size, chemistry, and collection location. The tion effects that fractionate and even at the 3g scale might be
samples show variation outside of analytical error and repre- effective in distorting a mechanical mixing simulation (e.g Ni
senting interrock differences [6,7,8]. and Co; see accompanying abstract by Ryder).

We first used numerous element-element plots, element  We addressed some of these limitations with artificial
ratio plots, and a correlation matrix to infer possible end- components and mixes, adding uncertainties to the analyses
members of the mixel$,7], the constituents of the crust in  and to the components, and adding and removing compo-
the target. These strongly suggest that the rocks containnents. The purpose was to see how much deviation from a
noritic and troctolitic material, plus KREEP norite-gabbro “reality” a calculation can include before nothing of sub-
that is not a single composition. Ferroan anorthosites andstance remains. For acceptable least-squares results, one
feldspathic granulites, commonly believed to dominate the normally requires a sum of components close to 100%, all
lunar highlands, appear to be negligible constituents. positive components, and a reduced chi-squafés)( of

We continued by using least-squares mixing calculations about 1 (e.g. [9,10,]). Our essential conclusions are that it is
to constrain the end-members, using the routine and proce-1) very difficult to obtain reasonable results when the com-
dures of Korotev and co-workers [9,10] Famy one given ponents are poorly constrained or wrong, and 2) becomes
composition, an infinite number of solutions could be found, very easy to lose all information on a component thas
but we assume that these rocks all containstivee compo- 5% or so unless it some very distinctive characteristic. How-
nents but in different proportions. We used numerous trial- ever, these calculations gave us confidence that if good re-
and-error runs to search for and refine those components thasults are obtained, there is probably some correspondence of
are satisfactory end-members for all of the samples. We dothe hypothetical components with reality.
not expect to be able to uniquely identify all components in We made many calculations dime Apollo 17 poikilitic
rocks that are obviously complex mixturgisl], but to be rock analyses using common lunar highlands pristine
able to characterize the main components and thus those ofigneous) rocks, KREEP rocks, and meteoritic components
the crust in the Serenitatis region. There are limitations that as end-members. For this series of runs, those using anor-
make perfect fits to all rock compositions with a set of com- thosite and granulite as components had large negative com-
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ponents impossible to contemplate:

ponents ang?/v in the thousands, completely unacceptable.
We then attempted to close in on the real components,

Table 1: Components used in Tables 2,3 calculations. making many calculations using varied norites, varied troc-
Troct Nor Dun  KREEP KREEP  EH tolites, and KREEP components. From these results, most of
e — | G which were poor, we selected and modified the components

SiO, % 43.00 48.00 40.30 48.50 47.50 35.70 H 3

o 005 007 0.03 380 510 008 to obtain better fits. For our most recent gnd most sucgessful

AlLO, 2073 23.00 130 1600 1650 153 run, we used the 6 components shown in Table 1, with re-

FeO 5.00 3.90 1170  11.00  13.00  37.40 sults shown in Table 2. Where dunite is given as 0%, the

MnO 0.07 0.15 0.07 0.13 0.14 0.28 H P . :

Mg 1009 1020 4480 0.00 750 1760 calculations initially gave smgll negative numbers for dunite

cao 1141 1280 110 1050  11.00 119 and were re-run omitting dunite. The sum of the components

Na,O 0.23 0.32 0.13 0.80 1.00 0.92 in all cases lies between 98.3 and 100.3 and all components

K,O 0.03 0.07 0.00 0.60 0.30 0.10 e 25, :

Se ppm loa 712 430 3000 2500 570 are positive. Thg“/v is between 1.2 and 5.8 for all but three

cr 730 1710 2300 1700 1500 3150 samples. These are obviously not perfect results, but given

Cw 28 10 55 9 9 840 the limitations above, they are highly suggestive that compo-

Ni 44 11 200 70 70 17500 . .

S 114 130 10 270 230 7 nents very 5|m|_lar to these must dominate these rocks.

zr 17 115 3 750 550 5 For illustration, the actual results for three samples are

E‘a 12? 422 01;‘ 63738 55588 022 shown in Table 3. O is a common problem, anday re-

sm 061 181 008 3000 2500 0.14 flect inadequate end-member selections or analytical prob-

Eu 0.70 0.87 0.06 3.00 3.00 0.05 lems. Zr, Sr, and Ba, none well-analyzed by our techniques,

:? gii 1;2 8% iggg ;ggg gii are commonly discrepant, as are in some cases Th and U.

Th 0.16 082 045 .90 890 003 Most of these suggest that there is more variation in the

u 0.05 0.16 0.01 2.90 2.90 0.01 KREEP components in the target than is accounted for by

Ir ppb 001 002 160 001 001 56500 our two hypothetical ones. Commonly discrepant are Ni and

Co. We have had little success in exactly matching these
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elements, perhaps because of redistributions. We place Niand might be already well-mixed, e.g. olivine with KREEP.
and Co in the KREEP only because they are NOT in the Unravelling these components is essential to understanding
pristine components; adjustments will be made in future the nature and origin of the crust in the Serenitatis region.
runs. The KREEP components have low SiO2 abundances,

Table 2. Results of least-squares mixing calculations for 22 analyses of Apollo 17 poikilitic rocks
72315 72395 72435 72535 72539 72549 72736 73155 73216 73275 76015a

Troctolite% 19.7 7.6 24.0 13.7 30.4 32.8 13.6 22.8 26.6 21.4 29.2
Norite% 33.2 39.9 16.1 33.6 15.7 12.0 35.8 8.5 18.8 28.3 14.6
Dunite% 0.0 6.2 2.2 4.6 0.0 0.7 6.0 0.0 0.2 12 0.0
KREEPW% 23.1 7.9 23.6 19.6 24.7 35.0 194 42.5 18.6 19.8 15.2
KREEPX% 22.6 36.7 315 25.9 26.7 17.0 22.0 22.8 335 27.6 39.2
EH Chon% 1.0 16 0.9 13 21 15 1.6 12 15 2.0 0.6

KW/(KX+KW) 0.5 0.2 0.4 0.4 0.5 0.7 0.5 0.7 0.4 0.4 03
K% 45.9 44.6 56.1 46.1 51.6 525 42.1 66.8 525 47.3 55.0

76015b 76215a 76215b 76295a 76295b 76315a 76315b 77035 77075 77135 77539
Troctolite% 293 335 35.5 17.0 17.2 255 255 25.3 32.6 25.4 22.4
Norite% 14.1 15.7 135 19.1 19.4 215 20.1 26.5 11.4 16.7 21.2
Dunite% 0.0 13 0.9 0.0 0.0 1.0 0.9 187 19 0.0 5.9
KREEPW% 145 10.6 9.2 20.0 18.9 12.4 138 16.2 153 12.3 125
KREEPX% 40.6 37.9 30.6 417 42,0 38.9 38.6 12.0 37.8 431 37.3
EH Chon% 0.3 13 1.4 1.0 1.2 0.6 15 16 1.0 2.1 03

KW/(KX+KVV) 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.6 0.3 0.2 0.3
K% 55.8 48.4 48.8 62.4 61.7 51.4 52.2 28.1 53.1 55.6 50.0
X’/v = reduced chi-square. KW/(KW+KX) = proportion of KREEPW to total KREEP components. K% = percentage of KREEP in Sum.

Table 3. Examples of results of calculations for least-squares mixing using components in Table 1.

| 73215 XV =12.0 | 77539 XV =43 | 72435 XV =1.2
| obs] calc. Abspif. wbift. | |[I0bs. calc. Abs.Diff. %Diff. | |[[LObs]  Calc. Abs.Diff.  %Diff.

sio,wt% | 4691  46.50 041 -087] | 4603 46.08 0.05 o11] |0 45555 45.65 0.10 0.22

Tio, | 1258 145 0.01 o3s] | a5 133 018 -11.99| | 164 162 002  -152

ALO, | 1866 1914 0.48 250] | 1738 17.75 0.36 220| | azwd 1769 008  -045

FeO | 789 808 0.19 238 | 854 899 0.45 525 | 878l 9.0 0.31 3.54

MnO | o012 o013 0.01 a98] | 012 012 0.01 783 |0 012 012 0.00 2.54

MgO | 1009 11.00 0.01 o12] | 1356 1319 038 -276| | 1219 1197 022  -1.80

Ca0 | 11068 1141 0.35 313] | 1079 1075 004 -035| | 1066 1078 0.12 1.09

Na,0 | o059 o057 002 -322| || 065 060 005 -694| | 064 062 002  -2.82

K,0 | o031 o024 008 -2516] | 016l o022 005 3000 |[""024 o026 0.02 8.51

scppm | 1563 15.36 027 171 15.29 0.13 oss| | 1757 1671 -0.86  -4.91

cr | 131700 146400 14700 11.16| | 1408.00/ 1445.00 37.00 2.63| | 1405.00 1401.00 400  -0.28

Co | 2338 2100 229 -981] | 1530 1888 358 2340 || 22138 2173 040  -1.81

Ni | 21200 21752 5.52 260 | 18500 11673 -1827 -1353| | 218000 =207.00 600  -2.82

sr | 19300 18657 643  -333] | 18900/ 17700 -1200 -6.35| | 186.00 188.00 2.00 1.08

zr | 33600 339.00 3.00 o89] | 39600 32700 -69.00 -17.42| | 40400 37300 -31.00 -7.67

Ba | 386000 33100 -55.00 -1425] |'821000 33600  15.00 467 |'85200 379.00 27.00 7.67

La | 2777 2862 0.85 305 | 2936 2959 0.23 o7s| | 8327 3320 007  -0.20

Sm | 1319 1330 0.11 ose| | 1354 1360 0.06 047 | 1540 1539 001 -0.05

Eu | 18 180 006 328 | 101 184 007 -348] | 197 196 001 -0.36

Yb | 10158 o961 055 5371 | o  9n 003 -029| |2067 11.00 0.33 3.09

Hf | 112058 1014 001 -823] | 1106 1035 071 -642] |a1e0 1173 017  -1.43

Th | 5855 456 099 -1780] | a0 473 0.13 289| | 518 527 0.11 2.23

U | 151 134 017 -1108] | 127 144 017 1348 |"157 158 0.01 0.76

rppb | 550 563 0.13 220 || 240 197 043 1779 [I0480 494 0.14 2.92
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